Stillborn and mummified swine fetuses from swine farms experiencing reproductive problems were investigated for evidence of infection with encephalomyocarditis (EMC) virus by fetal serology, virus isolation, and histopathologic examination. Fetal sera or thoracic fluids of 478 abnormal fetuses collected during January through December 1987 were tested for the presence of antibody specific to EMC virus. Of 478 samples tested, 175 (36.6%) had EMC virus serum neutralizing antibody titers of 1:64 or greater. The samples positive for EMC virus antibody were obtained from 38 swine farms located in 9 states in the United States. In addition to serologic observations, tissue samples of some abnormal fetuses were examined for the presence of virus and histopathologic lesions. The EMC virus was isolated in 1 case from the fetuses of an aborted litter. The isolate was serologically identical to a reference EMC virus. Nonsuppurative encephalitis and myocarditis were observed in the fetal samples collected from 2 different herds. Thoracic fluid of 1 stillborn pig with lesions was positive for EMC virus antibody at a titer of 1:512. We suggest that a widespread reproductive problem recently experienced in several major swine-producing areas of the United States may have been caused by EMC virus infection.
Many infectious agents have been associated with reproductive failure in swine. Porcine parvovirus, swine enteroviruses, and pseudorabies virus are common causes of swine reproductive failure in this count r y 8,13,14 but a large proportion of mummified or stillborn pigs still remain undiagnosed.
Encephalomyocarditis (EMC) virus causes a clinical disease with high mortality in young pigs. 1 Recently EMC virus was incriminated as a cause of swine reproductive failure in Australia by virus isolation from stillborn fetuses. 1O Evidence for transplacental infection of the virus in pregnant sows was also demonstrated by natural and experimental infection with the virus. 9, 11 In the United States, there is little information on the disease caused by EMC virus, except many deaths of young pigs between 1960 and 1966 in Florida were found to be due to EMC virus infection. 4 W e recently reported EMC virus as a possible cause of swine reproductive failure in US swine herds.' The present report describes serologic, virologic, and histopathologic evidence of EMC virus infection in mummified and stillborn pigs.
Materials and methods
Virus and cell culture. The Herd history and sample collection. The swine herds from which samples were collected had reproductive problems of unknown cause. Mummified and stillborn swine fetuses were submitted by attending veterinarians or were collected by the authors during herd visits. The litter number was recorded for each fetus. Fetal blood or thoracic fluid was collected and the crown-rump (CR) length of large mummified fetuses was measured to estimate the age of each fetus. 12 Mummified fetuses with a CR length greater than 17 cm and all stillborn fetuses were used in this study. A total of 478 fetal samples from 215 litters were collected during January through December 1987. The samples were obtained from 63 herds located in 11 states.
Serology. A microtitration of serum-neutralization (SN) test using BHK-21 cells was used to detect EMC virus antibody. Serum samples were heated at 56 C for 30 min. The samples were serially diluted 2-fold in 96-well flat-bottomed microplates, and equal volumes of virus containing 100 median tissue culture infectious doses (TCID 50 ) were added. The serum-virus mixtures were incubated for 1 hr at 37 C. Then BHK-21 cells (5-l0 x 1O 5 cells/ml) were added and incubated at 37 C. Duplicates for each series of serum dilutions were used. The results were read after 2-3 days incubation. A fluorescent antibody (FA) blocking test was carried out by reacting the fetal serum samples on EMC virus-infected BHK-21 cell monolayers for 1 hr at 37 C, washing in phosphatebuffered saline (PBS), pH 7.2, and staining with an FA conjugate to EMC virus antibody. b After another washing, the monolayers were examined under a fluorescence microscope.
Virus isolation. Fresh tissues of stillborn or aborted fetuses were collected for virus isolation. Tissues examined were heart, lung, liver, spleen, and brain. Pools or individual tissues were minced and diluted 5-l0 times in cell culture medium and sonicated for 1 min. These were centrifuged and the supematants were inoculated onto l-day-old BHK-21 cell monolayers, which were examined daily for cytopathic effects (CPE) for 4-5 days. Monolayers negative for CPE were passaged 2 more times to confirm negative virus isolation results.
Histopathology. Tissues of stillborn fetuses submitted to the Minnesota Veterinary Diagnostic Laboratory were fixed in 10% neutral buffered formalin, and the paraffin sections were stained with hematoxylin and eosin (HE) by routine methods.
Results
Herd histories. The production records of 1 affected herd indicated weekly stillbirth rates during a 5-week period (February-March 1987) of 8, 9, 28, 24, and 14% and preweaning death rates of 11, 19, 25, 27, and 32%, respectively. The affected litters commonly contained mummified fetuses of different sizes, stillborn pigs, and live pigs with low viability. Common clinical signs in each herd were increased stillbirth rates, fetal mummification, and neonatal mortality. Clinical signs continued l-2 months on most farms, but up to 6 months on some farms.
Serologic observations. The results of EMC virus
antibody tests of thoracic fluids from abnormal swine fetuses are shown in Table 1 . A total of 215 litters (478 mummified and stillborn pigs) were obtained during January through December 1987. Fetuses of 108 litters were negative for antibody, while 107 litters had 1 or more fetuses that had antibody titers. Of a total of 478 fetal samples tested, 175 (36.6%) obtained from 38 swine farms located in 9 states were positive for EMC virus antibody (SN titers ≥ 1:64). The other 303 samples from 55 farms in 11 states were negative for antibody.
Virus isolation. Attempts to isolate EMC virus were
unsuccessful except for 1 case in which the virus was isolated from heart, liver, lung, and brain tissues from 5 of 8 fetuses in an aborted litter. An isolate, designated as EMC-25, was made from heart tissue and was identified by the FA test. Encephalomyocarditis virus-spe- cific cytoplasmic fluorescence was observed when EMC-25 virus-infected BHK-21 cell monolayers were reacted with FA conjugate to EMC virus (Fig. 1 ). Fluorescence was not observed when infected monolayers were reacted with FA conjugate to porcine parvovirus.
These aborted fetuses came from a 130-sow unit in southern Minnesota with a history of high stillbirth and mummification rates. Sera collected from 12 sows during the reproductive problem period had EMC virus SN antibody titers of 1:2 to 1:16 in 5 sera, 1:32 to 1:64 in 3 sera, and ≥1:128 in 4 sera.
Histopathologic observations. Fetuses from 2 herds had microscopic lesions consistent with virus infection. A pig from 1 herd had perivascular accumulations of mononuclear cells in the brain and meninges. This pig also had focal infiltrations of mononuclear cells in the myocardium (Fig. 2) . The second case had nonsupparative inflammation of the thalamus and of the cerebellar white matter. Thoracic fluid from the fetus had an EMC SN antibody titer of 1:512. Both cases came from farms with a history of reproductive problems.
The diagnostic significance of detecting fetal antibody specific to EMC virus has been reported recently.' The previous results showed that EMC virus antibodypositive samples had no antibodies to porcine parvovirus, swine enteroviruses, or pseudorabies virus. In this study, the specific fluorescence for EMC virus was completely blocked when EMC virus-infected BHK-21 cell monolayers were pretreated with positive fetal serum samples before reaction with EMC virus FA conjugate.
Discussion
Isolation of EMC virus was largely unsuccessful in this study. The difficulty may have been due to the lack of fresh tissue samples from recent infections. Finding viable virus in tissue samples collected at birth is unlikely because fetal infection may have occurred long before parturition. Furthermore, specific antibody produced in utero may have interfered with virus isolation. Failure to isolate virus from the fetal tissues of experimentally infected swine fetuses containing the antibodies was experienced in a previous study. 9 Virus isolation in this study was made from aborted fetuses at about 50 days of gestation, according to their crownrump measurements, while swine fetuses are immunocompetent after about 70 days of gestation. 2, 5 The present study provides evidence for naturally Histopathologic findings in this study are consistent occurring EMC virus infection by the detection of spe-with a viral infection. It is not known if the inflamcific EMC virus antibody in fetal sera or thoracic fluids, matory lesions observed in brain and heart are specific isolation of EMC virus, and observation of micro-for EMC virus infection. However, a significant EMC scopic lesions in abnormal swine fetuses. Antibody antibody was detected in the serum sample from one tests on the fetal sera were routinely carried out because of the fetuses with histopathologic lesions. No attempt fetal infection can be diagnosed by detection of specific was made to isolate virus from the tissues of these antibody to viral agents. 3, 6, 7 fetuses. the significance of EMC virus as an etiologic agent of 6. Joo HS, Donaldson-Wood CR, Johnson RH: 1976b, Rapid porcine reproductive diseases must be established.
diagnostic techniques for detection of porcine parvovirus infection in mummified foetuses. Aust Vet J 52:51.
